Introduction

48
HIV-2 and selected SIV lineages encode Vpx as a virion-associated protein 49 packaged through specific interaction with Gag proteins (1, 18, 30, 32, 41, 43) .
50
Vpx is required for efficient viral replication in macrophages (16, 21, 29, 44) and 51 dendritic cells (13, 28) . The primary function of virion-associated Vpx is to 52 promote the accumulation of viral DNA during reverse transcription (11, 14, 33, 53 34) . The Aicardi-Goutières syndrome-related gene product sterile alpha motif
54
(SAM) and HD domain-containing protein-1 (SAMHD1) was recently identified as 55 a potent inhibitor of HIV-1 in myeloid cells and resting CD4+ T cells (4, 5, 9, 20, 56 
24-26, 35) and as a regulator of endogenous retroelements (47).
57
SAMHD1 is a deoxynucleotide triphosphohydrolase and blocks HIV-1 58 reverse transcription by depleting the intracellular pool of deoxynucleoside 59 triphosphates (12, 22, 26, 31, 35, 39) . Oligomer formation (12, 39) and in (2, 3, 5, 7, 19, 20, 25, 37) . Nuclear targeting of SAMHD1 70 is required for Vpx mediated SAMHD1 degradation (7, 19, 37) . C-terminal sequences of SAMHD1 (2, 7, 19, 37) . Consistent with this concept,
78
SAMHD1 mutants with C-terminal truncation are resistant to Vpx-mediated 79 degradation (7, 19, 37) .
80
In the current study, we have identified the N-terminus of primate SAMHD1 81 as a major species-specific determinant to Vpx-mediated suppression. In constructs were generated by PCR and subcloned into the VR1012 vector.
102
Human and Rhesus SAMHD1 chimeric constructs were generated from pHu 103 SAMHD1-HA and pRh SAMHD1-HA using the internal PstI site (around 570bp).
104
Human or Rhesus SAMHD1 point mutants were constructed from pHu 105 SAMHD1-HA and pRh SAMHD1-HA by PCR based site-directed mutagenesis.
106
All constructs were confirmed to be correct by DNA sequencing. purpose of the particular analysis, and is clearly indicated in the Results section.
167
All phylogenetic analyses were also performed with the MEGA4 program, using 168 neighbor-joining method and Kimura 2-parameter as the model. It is interesting that the human SAMHD1 showed a species-specific 226 resistance to the SIVrcm/SIVmnd2 lineage but not the SIVsmm lineage Vpx.
227
SIVrcm/SIVmnd2 Vpx proteins have broad activity against diverse OWM SAMHD1 proteins (24, 27). However, hominoids and NWM SAMHD1 proteins 229 are largely resistant to SIVrcm/SIVmnd2 Vpx proteins (24, 27).
230
To investigate the species-specificity of SIVrcm/SIVmnd2 Vpx proteins, 231 amino acids sequences from diverse OWM, hominoids, and NWM SAMHD1 232 were compared (Fig. 3) . Two particular amino acids (positions 15 and 52) unique 233 to OWM SAMHD1 proteins which are sensitive to SIVrcm/SIVmnd2 Vpx proteins 234 were identified (Fig. 3) . Comparing SAMHD1 protein sequences from new world 235 monkeys, hominoids, and old world monkeys suggest that the ancestral primate 236 SAMHD1 contained C15 and S52 (Fig. 4A) . S52 was changed to F52 in the 237 subfamily of Colobinae monkey SAMHD1 proteins (Fig. 4B ). C15 and S52 were 238 both changed to F15 and F52 in the remainder of the old world monkeys (Fig.   239 4B). It is likely that step-wise mutations at position 15 and 52 occurred during 240 OWM SAMHD1 evolution. S52F was mutated first in the ancestor for Colobinae 241 and other OWM (Fig. 4C) . This mutation was preserved in the Conobinae 242 monkeys. A separate selection led to the C15F mutation in the rest of OWM (Fig.   243   4C ). C15 and S52 are preserved in hominoids and NWM (Fig. 4C) . To evaluate the role of C15 and S52 in human SAMHD1 on its sensitivity 248 to SIVrcm/mnds Vpx, individual amino acid was mutated (Fig. 5A ). W32 has been (Fig. 5B) . Unlike wild-type SAMHD1 which was resistant to 256 SIVmnd2 and SIVrcm Vpx-mediated degradation (Fig. 5B, lanes 3 and 4) , Vpx-mediated degradation (Fig. 5B) . On the other hand, SAMHD1 W32C was 260 still resistant to SIVmnd2 and SIVrcm Vpx-mediated degradation (Fig. 5B) . Thus, (Fig. 6A) . Degradation of these diverse primate SAMHD1 induced by 284 SIVmac Vpx was observed (Fig. 6B) , suggesting that SIVmac Vpx recognizes a 285 conserved motif among diverse primate SAMHD1 proteins. However, SIVmac
286
Vpx did not induce the degradation of dog, cow, and mouse SAMHD1 (Fig. 6B) .
287
The unique differences between the last 20 amino acids of dog SAMHD1 and 288 primate SAMHD1 may provide some clues regarding the residues of primate 289 SAMHD1 that are recognized by SIVmac Vpx. (Fig. 4) . C15 and S52 were both changed to F15 and F52 in 315 the Cercopithecinae SAMHD1 (Fig. 4) . Interestingly, SAMHD1 proteins from the contains R69 but is still resistant to SIVmnd2 Vpx (Fig. 2B) . In this case, the 332 C15F or S52F mutation in human SAMHD1 made it again sensitive to SIVmnd2 333 Vpx (Fig. 5B ). It appears that primate SAMHD1 molecules (such as AGM and SAMHD1 and primate SAMHD1 molecules were observed. It will be interesting to 374 determine whether these residues are the target of SIVmac Vpx.
375
We and others have identified that both SIVmac and SIVrcm Vpx (Fig. 2E) 376 mediated SAMHD1 degradation is DCAF1-dependent. Furthermore, both
377
SIVmac and SIVrcm Vpx mediated SAMHD1 degradation is proteasome 378 dependent (Fig. 5B) . Thus, both the N-terminus and C-terminus targeted Vpx Error bars represent standard deviation of the mean of triplicate samples. 
